Since the Corps completed its major construction program in the mid-1980s, there has been a focus on changing operations of major systems such as the Missouri River, Columbia River, ACT/ACF (Alabama-Coosa-Tallipooosa/Appalachicola-Chattahoochee-Flint), and others. Reevaluations and changes in operations have resulted from changing water demands of stakeholders. In each water resource study, recreation use had to be considered in evaluating alternative operating plans. This article describes the use of recreation models developed under the Recreation Research Program (and the Natural Resources Research Program) to evaluate recreation as part of an effort to meet changing water demands in the Willamette Basin, Oregon. In Oregon, the public was asking questions such as: · "What happens to recreation if more reservoir water is used for water supply or other needs downstream?" · "Can the economic importance of recreation to local businesses be determined and counted in deciding on a plan?" · "Can downstream water demands be met and reservoir recreation preserved at the same time?" · "If reservoir operations change, won't canoeing and other recreation downstream be adversely affected?"
In response to those questions, models were developed to answer separate measures of the recreation experience including how to quantify recreation use, the economic value of recreation to the public, and the local impacts of recreation. This article explains how those models can be used to answer the "what happens to recreation" question.
"Why Change Reservoir Operations?"
National agencies such as the Corps develop water resources to support national interests-primarily economic development of the nation. Flood protection, navigation, recreation, and other functions of the Corps provide or support economic development and increased social benefits by providing flood protection to residential, urban, and agricultural lands and properties, recreational opportunities, and water quality and fish and wildlife benefits.
In recent decades, public water demands have been altered because of changes in recreation patterns, population distribution, water quality needs, fishery management, and endangered species protection. The growth projections (population, agricultural, and industrial) used for planning water resources development in this century have in some cases resulted in water storage at a location distant from the population center that consumes the water. Population concentrations did not necessarily match the anticipated development and often the demand for water did not occur as predicted in some areas. For example, dry-land farming is practiced in some areas where irrigation was expected to support agriculture. Fortunately, changed water needs can be accommodated to a great degree by scheduling reservoir water releases and water management activities.
Willamette Basin Feasibility Study
The Willamette Basin Feasibility Study was initiated because of the circumstances described abovechanges in water demand, and the need to evaluate reservoir operations. Reservoirs in the Willamette Basin, Oregon ( Figure 1 ) are being evaluated to determine if they can be operated to better meet changing needs. The 11 operating projects (13 Corps dams) 1 
in the Willamette
Basin were constructed to reduce flood damage, generate hydropower, and benefit navigation, irrigation, recreation, water supply, water quality, and fish and wildlife (U.S. Army Engineer District, Portland 1991) . Beginning in the 1940s, the 11 projects were completed, providing 1.6 million acre-feet of storage. Day-use and camping facilities were built at the lakes, and are managed by the Corps, U.S. Forest Service, State of Oregon, and county agencies. 
Recreation Study Methods
The important measures of recreation for the feasibility studyvisitation, national benefits, and regional economic impacts-were evaluated through a number of models. Figure 2 shows the relationships between the surveys and data collection and the models and the evaluation measures. The first major undertaking in the study was the Lakes and Rivers Recreation Survey. As this survey was being implemented, data were collected for the reservoir visitation model and the approach for the rivers, an expert survey, was developed.
Developing a Recreation Model for the Willamette River Basin
The visitation model for Willamette Basin shows how recreation visits change as a function of operations, population, and costs. Baseline visitation information for all reservoir and river recreation sites had to be obtained; in this case 1996, the year of the survey, was the baseline. Visitation changes over a range of water conditions were determined by using historic data for the reservoirs and a river expert method for the river reaches.
Estimating Baseline Visitation
The Lakes and Rivers Recreation Survey A general population survey was undertaken after the 1996 recreation season to provide a baseline for visitation, identify how far visitors travel to use Willamette projects, and collect information on spending by recreation visitors. A telephone survey was conducted using random digit dialing for households within 150 miles of Willamette reservoirs. A total of 1,920 households were contacted in 33 counties in Oregon, southeastern Washington, and northern California. Phone survey respondents who had visited a project were asked to participate in a mailed survey to gather visitation information on specific reservoir and river sites.
The mailed survey asked for information on numbers of visits to specific reservoirs and river reaches, recreation activities participated in, and length of recreation visits. An expenditures worksheet was included to obtain expenditure information on food, gas, lodging, and other expenses related to recreation trips (not durable goods, such as boats, that are intended for multiple trips). A total of 1,058 surveys were mailed and 603 useable surveys returned, for a 59-percent response rate.
Based on the survey responses, baseline visitation was estimated for the 16 reservoir and river sites. The 1996 visitation estimate for all study sites was 6.47 million day-use recreation days and 2.67 million overnight-use recreation days. The visitation estimates indicated that about half of all visitation (51 percent of day use and 35 percent of overnight use) occurred at the river sites. The Lakes and Rivers Recreation Survey only provided detailed visitation data for 1996. The water levels in 1996 at the Willamette reservoirs were generally near optimal for recreation. The lack of variation in water levels in 1996 suggested that this year could not provide a valid model to predict the response of visitation to water level changes. Since one of the main objectives of the study was to estimate how visitation is affected by water levels, another approach was required.
The approach used follows the Regional Recreation Demand Model (RRDM) (Ward et al. 1996) . To evaluate the demand and value of recreation at Corps reservoirs, the RRDM uses data on visitation, natural resources, and water levels to model recreation demand and economic benefits; that is, National Economic Development (NED) benefits. The variables above were used to predict visitation at Corps reservoirs over the range of historic conditions, i.e., served as independent variables or independent predictors. The dependent variable is the total monthly visitation at Corps and U.S. Forest Service recreation areas, and county parks. While the Corps keeps monthly visitation data (day and overnight use) for recreation areas under its management, many camping and a few day-use areas at Corps projects are managed by the U.S. Forest Service. Oregon State Parks operates Detroit Lake State Park, ten state parks on the river stretches, and numerous boat ramps and access points along the rivers. The completeness and availability of visitation and facility data varied through years and across agencies (Corps, U.S. Forest Service, Oregon State Parks, and county parks). Monthly visitation data for the Corps were available from 1984 to 1995.
Variables included in the day-use historical visitation model explain 74 percent of the variation in visitation, while the overnight use model explains 45 percent of the visitation variation. In both models, reservoir water levels had a significant impact on visitation. For the weather variables, visitation increases with ambient temperature, but precipitation was not an important explanatory variable. Water levels at substitute reservoirs were also found to be important in explaining visitation. As water levels become drawn down, visitors are likely to go to a substitute reservoir.
The reservoir visitation models are used to predict visitation at each project under the water management alternatives as described below. Inputs are the monthly water levels defined by the alternatives. Monthly averages are used for the weather variables.
River Visitation Model
Developing a visitation model for rivers required a different approach because there were sparse historic visitation data for the rivers. When the recreation study began, river recreation was not included in the scope of study because of uncertainty of an approach, lack of visitation data, and limited funding.
To initiate development of river models, a series of surveys were implemented to establish the relationship of river visitation to river water levels. Telephone interviews and mail surveys with local river guides, outfitters, and other knowledgeable individuals were conducted. Separate surveys were created addressing each river stretch and one of three activities (fishing, whitewater boating, and nonspecialized day-use recreation such as picnicking or sightseeing). In the mailed survey, respondents identified the critical flow levels where recreation suitability, and thus visitation, changes. They were also asked to indicate the impact of river flows on visitation levels.
This approach for river recreation was based on river recreation literature, which suggested that the response of river visitation to water levels is normally defined using an inverted U-shaped curve (Shelby and Whittaker 1995; EA Engineering, Science, and Technology 1991) . Recreation suitability curves for the McKenzie River are shown for fishing (Figure 3 ) and boating ( Figure 4) . The premise behind the curves is that there is not a single optimal flow, but rather a range of flows over which conditions are optimal for a particular type of recreation, such as fishing or whitewater boating (F L to F U ). Below this plateau, there is a minimal flow below which flow is too low for recreation (F MIN ) and a higher flow where conditions are too swift or deep for recreation (F MAX ). If flows are below F MIN or above F MAX , visitation for that activity is assumed to be zero. The figures show that boating is less sensitive to flow levels on the McKenzie; the optimal flow for boating has a wider plateau (Figure 4 , from 2,060 to 3,660 cfs), and a higher F MAX compared to fishing.
A total of 66 completed surveys were returned. Nearly all respondents indicated that flows were the most important or a very important factor in determining fishing and boating visitation. Most respondents (63 percent) indicated that flows were "an unimportant factor" with respect to nonspecialized river recreation, picnicking, and other riverside activities.
The river expert survey results were used to estimate visitation for alternatives, based on the suitability curves.
For each river reach-activity combination, the four critical flow levels (Figures 3 and 4) were determined by averaging flows from the appropriate surveys. For a few river-activity combinations, no surveys were returned. In these cases, a model was developed to predict the critical flows, using all survey data.
Estimated monthly visitation for 1996 from the Lakes and Rivers Recreation Survey was used to establish V MAX . For fishing on the McKenzie River, there were 17,450 rec days in June (Figure 3) , and the actual average flow for June was 3,333 cfs. That flow corresponds to the descending (less than optimal) portion of the suitability curve. June visitation falls below V MAX , which is estimated at 22,500 rec days, assuming a linear relationship. When alternatives are evaluated, the monthly flows from the alternative scenarios are used in this manner to estimate monthly visitation for each river-activity combination.
In the same way, June flows for 1996 were less than optimal for fishing, but that flow falls in the plateau range for boating (Figure 4 ). The 7,800 rec days boating are thus considered to be V MAX for boating.
Economic BenefitsValue to the Nation
Travel cost models-using the cost of travel and time to infer willingness to pay and demand for recreation-were developed to estimate economic benefits. Four TCM's were estimated-separate models for day use and overnight use at reservoir and river locations. The TCM's estimate economic benefits from a zone of origin (counties in this case) to each recreation site as a function of travel costs (including the value of travel time), county demographics (income, average income, and average age), site facilities, and available substitutes. The Lakes and Rivers Recreation Survey provided data on the geographic distribution of visitors to each site. The TCM's estimate average willingness to pay per recreation day for day users and overnight users to each site. The willingness to pay benefit estimates obtained from the travel cost models are multiplied by visitation predictions from the visitation models. For the reservoirs, the average economic benefit for day use was $2.40 per recreation day (1996 dollars), ranging from $1.35 at Fern Ridge Lake to $4.09 at Blue River Lake. Overnight benefits averaged $5.19 per recreation day, ranging from $3.43 at Fall Creek Lake to $11.17 at Detroit Lake.
Average benefits for day-use visitation on the river reaches were $3.86 per recreation day, ranging from $1.39 for the Willamette mainstem to $6.41 for the North Santiam River downstream of Detroit. For overnight visits to the rivers, the average benefit was $2.53 per recreation day, ranging from $1.71 on the Willamette River mainstem to $3.50 on the McKenzie River.
These results suggest that the reservoirs are more attractive for overnight use, perhaps because they have better facilities. However, for day use, average benefits for the rivers and reservoirs are similar, but vary across individual sites.
Regional Economic Impacts-Recreation Expenditures
The communities around the Willamette reservoirs and rivers are similar to towns near reservoirs in the nation-private campgrounds, lodging, and "mom and pop" bait and food operations have sprung up. Development of reservoir recreation and tourism has been identified as a key strategy for Willamette communities to recover from the loss of the timber industry. Visitor expenditure data on Projects-1996 (Propst et al. 1998 ) provides a model in the form of a spreadsheet and database. The outputs are the total local sales, the increase in local income, and additional number of local jobs generated because of recreation expenditures. The spreadsheet input uses visitation estimates from the visitation models and the four average expenditures to estimate sales, income, and jobs. For each alternative, operating criteria are run in the hydrologic models for different hydrologic conditions. Table 1 shows the recreation impacts for the 1991 to 1994 hydrologic conditions. The major output of the hydrologic models are the monthly reservoir and river water levels. The water levels are used in the visitation models to predict monthly visitation to reservoirs and rivers. The monthly visitation, travel distances, and expenditure profiles are used in the economic models (Figure 2 ). Alternative recreation evaluation criteria are visitation, national economic benefits (NED), and local economic impacts-local sales, income, and jobs caused by recreation expenditures, the regional economic development (RED) benefits.
Evaluation of Alternatives

Listing of the Steelhead Trout and Chinook Salmon-The Fish Alternative
As alternative formulation was starting in 1998, the National Marine Fisheries Service (NMFS) published a notice to list the steelhead trout and chinook salmon as threatened species throughout the Willamette Basin. This action resulted in the alternative formulation process being suspended, until a recovery plan for steelhead and salmon can be developed by biologists in NMFS and Oregon Department of Fish and Game.
During the summer of 1999, minimum flow criteria for steelhead and salmon were agreed on for Willamette streams. These criteria ensured larger flows in the rivers during April and May. The intent is to improve in-river habitat conditions during downstream migration of the juvenile steelhead during April and May and upstream migration of adult chinook salmon in June. Table 2 shows a portion of the flow targets for comparison to baseline. Using the minimum flow criteria as a so-called fish alternative, hydrologic models produced the reservoir and river levels that result from these criteria for 4 years, 1991 to 1994. The hydrologic conditions-precipitation and reservoir inflow-for 1991 to 1994 were used to develop baseline water level estimates. The water levels were used in the recreation visitation models to estimate visits, and the estimated visits were used in the economic benefits and regional economic models to estimate economic benefits and local sales, income, and jobs. Visitation, economic benefits, and economic impact projections for the baseline condition and the fish alternative are summarized in Table 1 .
Comparison of Alternatives
Fish and subsequent alternatives are evaluated by comparing the total effects of water operations under that alternative with the baseline effects, over the period of years of operation. In looking at 1991, this evaluation shows that the fish alternative produces a total of 4.64 million recreation days (M rec days) at the reservoirs and 3.88 M rec days on the river reaches. This total of 8.5 M rec days is 420,000 more than the baseline (4-percent increase for reservoirs and 7-percent increase for rivers).
This level of visitation for the fish alternative produces increases in all of the economic measures. Total economic benefits-value of recreation to the nation (NED benefits)-was $31.66 M for the fish alternative, an increase of $1.45 M over baseline conditions of $30.2 M. Economic impacts to local economies-local sales, income, and jobs-increased by $6.74 M, $3.85 M, and 194 jobs, respectively.
From a national standpoint, the visitation and economic measures discussed above are important. The total NED or economic benefit of recreation increased by 5 percent, but this increase was the result of river recreation benefits increasing by 9 percent while reservoir benefits only increased by 3 percent. For the 5-percent increase in total visitation (rec days), visitation increased 7 percent for the river recreation (260,000 rec days) versus 4 percent (160,000 rec days) for the reservoirs.
The local "mom and pop" restaurant along a river or the bait shop next to a reservoir may be interested in how the visitation and economic effects break down for the reservoir and river reaches. Local sales, income, and jobs increased overall by 6 percent, with the effects resulting from reservoir trips increasing by 4 percent, only half of the effect from river trip spending, 8 percent.
Comparing Recreation Impacts During "Dry" Years
When the operating criteria for steelhead and salmon were announced, the immediate question was "how severe will recreation impacts be if the flows are required even during "dry" years?" It might be difficult to meet requirements during dry years. April and May are the reservoir refill period and meeting the elevated target flows in those months may prevent refilling some or all of the reservoirs. Meeting the June targets could force drawing down of the reservoirs earlier than under baseline conditions. The 1991 to 1994 data (Table 3) support this.
From a hydrologic standpoint, the 1991 to 1994 water years 9 April 16-30 6,000 18,500
May 1-15 6,000 15,000
May 16-31 6,000 15,000
June 1-15 6,000 12,500
June 16-30 6,000 8,500
July 1-15 6,000 6,000
July 16-31 6,000 6,000
August 1-15 6,000 6,000
August 15-31 6,000 6,000
September 6,500 6,500
October 6,500 6,500 contain 2 years of normal rainfall, snowpack, and reservoir inflow-1991 and 1993-and two "dry" years. Combining the normal and "dry" years (Table 3) shows that the answer to the question is "the recreation impacts are very severe" if the flow requirements are met. The "dry" year conditions cause overall reductions in visitation, economic benefits, and local economic impacts. The impact of "dry" years on recreation is more adverse for reservoir recreation. Rivers show positive gains over baseline conditions, even in the "dry" years; minimum flows for fish provide minimum flows for recreation. There is a substitution effect during "dry" years; the required flows for the fish deplete reservoirs, making rivers more accessible and attractive. Table 3 shows that reservoir recreation is reduced on average by 750,000 rec days (-0.75 M rec days) compared to baseline. The required minimum flows of the fish alternative result in an increase of 170,000 rec days (+0.17 M). Total economic benefits (NED) are reduced by $5.24 M, a loss of $5.84 M for reservoir recreation and a gain of $600,000 (+$0.60 M) for river recreation. Sales, income, and jobs for the local economy are reduced by 6 percent, but these losses fall differentially-15-percent reductions resulting from reservoir trip spending and a 4-percent increase in local impact from river recreation expenditures.
Summary
The listing of the steelhead trout and chinook salmon by NMFS near the time when final alternatives were being formulated is indicative of the complexities of Corps efforts to reevaluate operations to meet future water needs. These reevaluation or reallocation studies have multiple stakeholders with sometimes-competing water demands. It takes a number of years to determine existing and future demands on water, and the people involved change during the planning process.
In this planning environment, available tools for recreation evaluation have met the needs of the stakeholders for information to compare alternatives: · Estimating recreation visitation at reservoirs and river reaches helps public, Federal, state, county, and local interests see how recreation use changes under different alternatives and under the normal and extreme-in this case "dry" year hydrologic conditions. · To determine the value of recreation to the nation, NED benefits are accounted through the travel cost benefit estimates. · Economic impacts to local and regional business near the reservoirs and rivers are evaluated based on sales, income, and jobs by the expenditure surveys and RED impact analysis.
Addition of the river recreation analysis the year after initiation of the study is another example of the complexities of these studies. Corps research and model development for recreation has focused on reservoir recreation, covered by the RRDM. But, the results of the Lakes and Rivers Recreation Survey showed that over half of the day use and 35 percent of the overnight recreation took place on river reaches.
1 Building on previous river recreation work in the Willamette (Shelby and Whittaker 1995; EA Engineering, Science, and Technology 1991) , an approach to evaluating river recreation was developed, under very limited funding and timing constraints.
Where Do We Go From Here?
A steelhead and salmon recovery plan is scheduled for completion in the spring of 2000. This will enable the Portland District and the study partners to formulate alternatives to meet study objectives, while protecting the steelhead. The Corps will continue to reevaluate its operations to see what changes need to be made to meet the future needs of our customers. The RRDM approach continues to develop as an effective way to compare alternatives for basinwide multi-reservoir projects. The flexibility of the approach has been demonstrated as in this case, including weather as a determinant of visitation, and incorporating the river reaches affected by reservoirs into the analyses.
1
Prior to the survey there was not a comprehensive accounting of river recreation, so its importance could not be evaluated.
The Pendulum Swings! by Darrell Lewis, Headquarters
Over the past 19 years that I've been associated with the U.S. Army Corps of Engineers Recreation Program, many of you have heard me talk of the "pendulum" that controls the fortune of the Corps recreation program. During some of the difficult times of low priorities and reductions in people and funds, I talked about the value of the resources and my view that we were not headed for extinction. I know some joked about my "unfounded optimism." I was convinced that the Corps' vast resource base and its huge constituency were too significant for the recreation program to just cease to exist. The public's strong preference for water-based recreation is well-documented, and we are the nation's leading provider of water-based outdoor recreation.
I've reported to you in earlier issues of RecNotes that Corps leadership has committed to strengthening the Corps Recreation Program. Now, I'd like to discuss both our current situation and future directions.
State of the Program
While there are notable exceptions, the 2,487 recreation areas managed directly by the Corps have suffered for years from the combination of under-funding and steadily increasing use. This combination has taken its toll on both the quality of customer service we provide and on the natural resources that support these activities. Our facilities are wearing out from the combined impact of heavy use and inadequate maintenance. Even more significantly, the Corps Recreation program has not kept up with the many changes occurring in the field of outdoor recreation. Frequently, modern equipment doesn't fit the outdated Corps facility. Too often, our visitor centers are dated and lack the spark to catch the visitor's interest. Nor have we adjusted to the diversification that has occurred in the nation's population. Our focus group discussions with Hispanics, Blacks, and Asians have documented that our recreation facilities clearly do not meet the needs of today's diverse population. Due to funding limitations, we have not fulfilled our responsibility to make our facilities and programs accessible to persons with disabilities.
Future
Due to budget rule constraints, I'm not able to provide much detail on what the future holds for the Corps Recreation Program, but I can assure you that the conditions I've described above are not acceptable to our leadership. I can also assure you that leadership is committed to rectifying the situation. As we prepare to enter the next millennium, we are hard at work on the solutions. We are committed to providing recreation opportunities that meet the needs of present users, underserved populations, and future generations. The team will meet each autumn for a strategic planning session. High-priority issues will be identified and priorities will be established. Each team member is responsible for obtaining input to the program from home offices, regions, and stakeholders, as appropriate. Issues of high priority will be assigned a field proponent and a research representative. They will develop a proposed study plan for consideration at the spring team meeting. Statements of need and proposed study plans will be presented and reviewed at the spring meeting. The spring meeting will result in recommendations for new starts for the following fiscal year and any minor adjustments required for the ongoing work and the long-range work plan.
Two meetings have been held. Team members were installed and a Chair was elected at the spring meeting in Washington, DC, in June 1998. Ongoing work in the program includes assessment of economic impacts of private boat docks and marinas, conclusion of the study regarding recreational needs of ethnic populations, and recreation trends analyses. The team has recommended study plans for investigating recreation benefits and the recreation infrastructure to assess the need for rehabilitation and modernization. Continuing research relative to ethnic populations and customer satisfaction surveys, as well as updating the Visitor Estimation and Reporting System, are under consideration.
It is critical that field offices participate in the planning process. The RMSP is intended to solve recreation-related issues that occur throughout the organization. Anyone who has a problem or issue that requires resolution beyond their capabilities should make their team representative aware of it.
Guidance on the RMSP was published on 1 October as Chapter 15 in Engineer Regulation 1130-2-550 and Engineer Pamphlet 1130-2-550. 
